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"An Abstract of"
THE OCCURRENCE AND DISTRIBUTION OP FATTY ACIDS IN
CORRESPONDING TISSUES FROM SELECTED VERTEBRATES
A comparative study of fatty acid occurrence and 
distribution was performed on similar tissues from Coturnix 
Quail, mouse, bullfrog, and sunfish. Fatty acids from
heart, muscle, liver, kidney, testes, brain and depot fat
of each species were analyzed gas chromatographically as 
methyl esters following transesterification with boron 
trichloride-methanol. A higher degree of unsaturation was 
found in the aquatic species (bullfrog and sunfish) than 
in the terrestrial species (mouse and quail). Brain tissue 
from all four species was characterized by low levels of 
linoleate, and similar patterns of C2 2 acids (docosahexa- 
enoate > docosatetraenoate > docosapentaenoate). The high 
levels of docosahexaenoate in tissues which are meta-
bolically active in energy production suggested a role in
mitochondrial structure. The predominance of oleate in 
depot fat of all species confirmed reports that this fatty 
acid is the preferred form for reserve energy storage in 
animals. Branched-chain fatty acids were found in all 
tissues analyzed.
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INTRODUCTION
A wide range of fatty acids is found in nature.
In animal tissues fatty acids occur in a variety of 
compounds, including triglycerides, phospholipids and 
sterol esters. Free fatty acids are usually not present 
in more than trace amounts. Discovery of the importance of 
lipids in membranes and diseases caused by defects in lipid 
metabolism has stimulated interest in the role of lipids 
and their component fatty acids in animal tissues.
Most of the available data on fatty acid compo­
sition relates to depot fats of animals of economic 
importance, particularly ruminants. Very little is known 
about the fatty acid composition of other tissues and 
organs. Attempts have been made to correlate depot fatty 
acid composition with both environmental influences and 
with the position of species in the phylogenetic scale of 
development. No attempts have been made to study the 
various tissues and organs of a single species in order 
to discover differences in the distribution of fatty acids 
throughout the animal. In addition comparisons of the fatty 
acid composition of various tissues from widely different 
vertebrate species have never been attempted.
The realization that fatty acids are functionally 
significant as cellular constituents, and not just reserve 
sources of energy, has necessitated a new approach to the
1
2study of their occurrence and distribution. This thesis 
was undertaken in an attempt to compare the fatty acid 
composition of similar tissues in four diverse vertebrate 
species using the newer sensitive techniques of lipid 
analysis now available.
3REVIEW OF LITERATURE
The early literature contains many reports of 
analyses of plant and animal lipids, particularly of 
animal depot fats and marine oils. All of this work has 
been comprehensively reviewed by Hilditch in his monu­
mental monograph "The Chemical Constitution of Natural 
Fats" (25). In addition, Shorland (5 1, 5 2 ) has reviewed 
the outstanding contributions to the study of fatty acid 
occurrence and distribution, and has discussed the bio­
logical significance of these findings.
At the time of these studies, however, it was 
impossible to completely separate and accurately analyze 
the individual fatty acid components of tissue lipids. The 
introduction of gas-liquid chromatography by James and 
Martin (30) in 1952 provided the tool which opened up the 
field of fatty acid analysis. The development of this 
technique has been described as the most important analytical 
advance in the last twenty years in the field of lipids.
The best illustration of the importance of this application 
is the fact that the original paper dealt with such a 
problem. Cropper and Heywood (1 7 ) extended the gas chroma­
tographic separation to the methyl esters of fatty acids.
By 1958 more than fifty papers dealt with the analysis of 
fatty acids and their esters by gas chromatography. Numerous 
reviews are available which describe both the development
band applications of this technique (7 , 1 5, 1 8, 2 3, 3 3, 3 5, 
4o). Horning et al. (2 9 ) have reviewed the recent analyses 
of fatty acid composition in human and other animal tissues 
and organs.
Total fatty acid analyses of the various tissues in 
animals of a given species are practically non-existent in 
the literature. Walker and Lishchenko (5 7 ) have recently 
analyzed the fatty acids of a variety of mink tissues. 
Veerkamp et al. (5 6 ) studied the fatty acids of the lipid 
fractions of various tissues from seven mammalian species. 
Testicular lipids of terrestrial species have been shown 
to be a rich source of polyunsaturated fatty acids (9 , 2 7, 
2 8 ), but data is not yet available on the fatty acid compo­
sition of reproductive tissues in aquatic vertebrates.
The total fatty acid composition of animal tissues 
is influenced by numerous factors. Diet is known to be a 
major factor in determining the composition of some tissues, 
particularly depot fat (2 5, 51* 52). However, studies have 
not been performed to determine the response of other 
tissues to changes in dietary lipids, except in the case 
of liver (52). Comparisons of the effects of diet on the 
tissues of a broad range of animal species is virtually 
impossible since the nutrients consumed depend upon the 
feeding habit’s of the individual and the type of foods 
available.
In addition to variations in diet, utilization of 
nutritional fatty acids depends upon the biosynthetic
5capabilities of the species and of individual tissues, 
particularly the liver (2 5 ).
It has long been known that the fatty acids of both
plants and animals .shift toward greater unsaturation under
lower environmental temperatures (4, 11, 14). Henriques
and Hansen (cited in 3 7 ) reported that fat from subcutaneous
o
tissue of swine kept at 10 C was more highly unsaturated 
than that from animals kept at 30-35°C. Similar findings 
have been reported by Fisher et al. (20) for chickens and 
by Fraenkel and Hopf (21) for the phospholipids of blowfly 
larvae. According to Lewis (3 8 ) certain species of marine 
poikllothermic animals from arctic regions have lower 
proportions of the saturated fatty acids and higher levels 
of palmitoleic acid (l6 :l) than similar species from temper­
ate waters, possibly as a means of preserving protoplasmic 
viscosity. Recently Knipprath and Mead (37) studied the 
effects of environmental temperature on mosquitofish and 
guppies maintained on the same diet and found that the 
tendency is toward higher unsaturation at lower environ­
mental temperatures. Much remains to be learned about the 
effects of temperature and other environmental factors on 
the fatty acid composition of animal tissues.
METHODS AND MATERIALS
Specimens
Analyses were performed on four species of verte­
brates, each representing a separate taxonomic class. All 
specimens were sexually mature males which appeared to be 
in good health. The specimens studied were:
1) Mouse, Mus musculus (Class Mammalia), CD-I 
strain supplied by Charles River Breeding 
Laboratories, Inc. and fed a diet of Purina 
laboratory chow. Specimens were sacrificed at 
twelve weeks of age by cervical dislocation.
2) Coturnix Quail, Coturnix coturnlx japonlca 
(Class Aves), supplied by the University of 
New Hampshire Poultry Science Department and 
maintained on a commercial turkey and game bird 
growing mash (Unity Feeds) which contained a 
minimum of 3/j lipid. Specimens were sacrificed 
at seven weeks of age by cervical dislocation.
s
3) Bullfrog, Rana catesbeiana (Class Amphibia), 
collected at the Old Reservoir, Durham, New 
Hampshire during the 1965 breeding season 
(early June) and maintained without feeding 
for a maximum of 48 hours under temperature con 
trolled conditions (13°C) in cages with continu 
ally running water. Specimens were sacrificed
7by severing the spinal cord in the cervical 
region. Diet not controlled.
4) Pumpklnseed Sunfish, Lepomis gibbosus (Class
Pisces), collected at the Old Reservoir, Durham, 
New Hampshire in mid-August 1965 and maintained 
in temperature controlled (13°C) fresh-water 
aquaria for a maximum of twenty-four hours. 
Specimens were sacrificed by severing the spinal 
cord in the cervical region. Diet not controlled.
Seven tissues for higher fatty acid analyses were 
obtained from each animal: heart, liver, kidney, brain,
testes, muscle and depot fat. Muscle tissue was selected 
from several locations depending upon the experimental animal; 
in the case of the bullfrog the entire gastrocnemius muscle 
was removed intact, the entire musculature of the thigh from 
the mouse, a portion of the breast muscle from the quail, 
and a portion of the musculature of the body wall from the 
sunfish. Depot fat is contained in specialized- fat bodies 
in the bullfrog and portions of this were removed for 
analysis, while in the mouse and quail subcutaneous abdominal 
fat was used. It was not possible to obtain samples of 
depot fat from the sunfish.
Immediately, upon the death of each specimen the 
tissues or organs were removed, cleared of extraneous 
connective tissue, and quick frozen on dry ice. The samples 
were then lyophilized, sealed in ampoules under vacuum, and 
stored at -20°C until analyzed.
8Extraction and Transesterification of Fatty Acids
Ampoules containing the lyophilized tissue samples 
were allowed to warm to room temperature, opened, and 
samples weighing between 6 and 70 mg., depending upon the 
lipid content of the tissue and/or the amounts of tissue 
available from each specimen, were homogenized in a tissue 
grinder with 10 ml. of methanol until a uniform suspension 
was formed. The extract was then transferred to a 50 ml. 
round-bottom flask, and any residue in the homogenizing 
tube rinsed into the flask with two successive 10 ml. 
portions of methanol.
Transesterification was performed by refluxing the 
extract in BCl^ ~ methanol to form fatty acid methyl esters 
(l, 45). In this reaction BCl^ acts as an acidic catalyst. 
It has been shown that transesterification of lipids by 
this method is not complete; however, the kinetics of the 
reaction lead to no preferential esterification of particu­
lar fatty acids (5 ). Esterification of standard mixtures 
of pure fatty acids verified this report.
The methyl esters were taken to dryness on a rotary 
vacuum evaporator and stored at -20°C under nitrogen until 
analysis could be performed.
Gas-Liquid Chromatography
All gas chromatographic analyses were performed on 
a Barber-Colman model 10 gas chromatograph with a strontium 
-90 argon ionization detector. The 6 ft. x 1/4 in. glass
9column was packed with ethylene - glycol succinate (12$ on 
80/90 mesh Anakrom A), and maintained at l8 8°C with 20 psi 
inlet pressure. At this temperature the fatty acid methyl 
esters are exceedingly stable when chromatographed (5 5 ) 
and those below methyl myristate (14:0) were eluted with the 
solvent.
Esterified samples were dissolved in methylene 
chloride to give approximately 50 micrograms per microliter 
concentrations of the fatty acids present. Sample sizes of 
5 to 10 microliters were injected into the column in order 
to minimize solvent tailing which would interfere with 
quantitation of compounds with short retention times. Peak 
areas were determined automatically by a Disc integrator.
The range of linear response of the gas chromato­
graphic system was found to be 3 to 75 micrograms for each 
fatty acid methyl ester. The column was calibrated against 
standard mixtures H-104 (14:0, 16:0, 18:0, 20:0, 22:0, 24:0) 
and H-105 (18:0, 18:1, 18:2, 18:3) obtained from Applied 
Science Laboratories. Analytical precision of the instrument 
was within the 2$ limit specified by NIH for similar standards. 
Other standards used were 17:0, 21:0, 23:0, and 20:4 methyl 
esters obtained from Applied Science Laboratories and 20:5, 
22:1, 22:6, and 24:1 methyl esters obtained from the NIH 
Metabolism Study Section.
Thin-Layer Chromatography
The technique of thin-layer chromatography was used
10
as a preparative method to separate the total lipid fraction 
into separate lipid classes after BCI3 - methanol trans­
esterification. The procedure recommended by Mangold (42) 
for preparation of plates was followed throughout the work. 
Silica gel G (Brinkman-Instruments Co.) was spread on 8 x 
8 inch glaSs plates at an adsorbent thickness of 250 microns. 
The plates were activated for one-half hour at 110°C and 
allowed to return to room temperature before use. The 
solvent system used was that recommended by Blank, Schmit, 
and Privett (10), ethyl ether: petroleum, ether: acetic 
acid (15:84:1). Samples and standards were dissolved in 
methylene chloride (reagent grade). After development the 
plates were air dried and sprayed with 0.5$ Rhodamine B in 
95$ ethanol for visualization of lipid spots under U V 
light (2540 A°). The fatty acid methyl ester fraction was 
removed from the plate by scraping and recovered by trap­
ping the silica gel containing this fraction in a glass wool 
plugged Pasteur pipette which was connected to a vacuum 
pump. The methyl esters were then eluted into a 25 ml. 
round-bottom flask with distilled ethyl ether (22) and the 
solvent was evaporated under vacuum on a rotary evaporator.
Microhydrogenation of Fatty Acid Methyl Esters
Methyl esters of the fatty acids isolated by thin- 
layer chromatography were hydrogenated according to Farquhar 
et al. (19). Methanol was used as a solvent in preference 
to ethanol because of recent data which indicates that
11
transethylation of fatty acid methyl esters occurs when 
ethanol Is used as a solvent in hydrogenation reactions
(46).
Partial hydrogenation was also performed on methyl 
arachidonate (20:4) by stopping the reaction at graded 
intervals. This was accomplished by removing the methyl 
esters from the hydrogenation apparatus and filtration of 
the catalyst. With these compounds as standards it was 
possible to Identify intermediate unsaturated C2Q methyl 
esters.
Presentation of Data
In all tables values for each fatty acid represent 
percentages of the total acids analyzed. Hllditch (25) 
has recommended this method as the only rational basis for 
comparing this type of data. Fatty acids are designated by 
the number of carbon atoms in the chain and the number of 
double bonds, that is 1 8 :0 represents a straight-chain acid 
consisting of eighteen carbon atoms with no double bonds, 
and 20:4 a twenty carbon straight-chain acid with four double 
bonds. Branched-chain acids are represented in a similar 
manner and the position of the methyl side chain designated 
as iso (isopropyl end group) or anteiso (sec-butyl end group).
j
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PROCEDURES FOR FATTY ACID IDENTIFICATION
Identification of peaks was by carbon numbers (5 8 ) 
determined with pure standards or by comparison with 
carbon numbers determined under similar conditions by 
Hofstetter, Sen, and Holman (2 6 ), by application of the 
"end carbon chain" system of Ackman (2 , 3 ), by comparison of 
chromatograms before and after hydrogenation, and by compari­
son of retention times with reference standards.
Isolation of Fatty Acid Methyl Esters
It was necessary to prove that peaks obtained from 
gas chromatographic analyses represented fatty acid methyl 
esters. To do this transesterified samples were fraction­
ated by thin-layer chromatography (49). The lipid classes 
present were Identified by comparison of their Rf values 
with reference standards after detection with Rhodamine B 
and U V light. The fraction corresponding to fatty acid 
methyl esters was eluted (2 2 ) and gas chromatographed. 
Chromatograms of the eluted methyl ester fraction were 
identical to those resulting from direct analysis of trans­
esterified samples, proving that the peaks obtained by 
direct analysis all represented fatty acid methyl esters.
Identification of Straight and Branched Chain 
Saturated Methyl Esters
In order to distinguish between saturated and
13
unsaturated components hydrogenation (1 9 ) of the methyl 
ester fraction was performed after prior separation by thin- 
layer chromatography. Those gas chromatographic peaks which 
disappeared after hydrogenation represented unsaturated 
esters. Retention times relative to methyl stearate (18:0) 
were calculated for the saturated components and compared 
with r-^ g values of reference standards (2). The r-^ g values 
were used because they remained constant even though re­
tention times varied. It has been shown that straight-chain 
saturated methyl esters fall on a straight line if a linear- 
log plot is constructed by plotting the log of the r^g 
values against the number of carbons in the fatty acid 
chain (2, 15). All but five of the hydrogenated peaks 
corresponded to points on this straight line. Since the 
methyl ester fractions had been isolated by thin-layer 
chromatography prior to hydrogenation the possibility of 
these peaks being short-chain hydroxy fatty acids was 
eliminated (44). However, it is well known that branched— 
chain esters are eluted ahead of their straight-chain 
counterparts on both polar and non-polar G L C columns. 
Reference standards were not available for the branched- 
chain esters; however, carbon numbers of pure compounds 
analyzed under similar conditions have been published (2 9 ). 
Comparison of the calculated carbon numbers of these compon­
ents with published carbon numbers indicated that they were 
even-numbered iso and odd-numbered anteiso fatty acids.
14
Identification of Unsaturated Methyl Esters
Gas chromatographic peaks which disappeared after 
hydrogenation of the methyl ester fraction represented 
unsaturated fatty acids. Comparison of the relative re­
tention times (1*1 3 ) with reference standards indicated the 
presence of 16:1, 18:1, 18:2, 18:3, 20:4, 20:5, and 22:6. 
Reference standards were not available for the remaining 
peaks. Carbon numbers were established for all of the un­
saturated components from their retention time. Identifi­
cation of the unknown esters was accomplished by comparing 
their carbon numbers (Fig. l) with those published for 
pure compounds (2 6 ).
Ackman, (2, 3 ) has correlated the chain length, 
number of double bonds, and the end carbon chain length for 
the tentative identification of unsaturated methyl esters. 
His method allows calculation of r^g values for most un­
saturated methyl esters with data obtained from available 
reference standards. Calculated r-^ g values for 20:1, 20:2, 
20:3, and 20:4 agreed with those obtained by partial hy­
drogenation of 20:4.
Identification of all unsaturated methyl esters 
was confirmed by application of both the carbon number and 




























Distribution of Patty Acids in Tissue Lipids
Heart (Table I, page 31). Although some similarities 
existed between species in the fatty acid composition of 
heart tissue, striking differences were apparent. A simi­
lar quantitative pattern was found for 1 6 :0 , the values 
all falling within a range of 1 2-17#; however, values for 
16:1 were higher in the aquatic species. Acids of the C^g 
series fell into two distinct patterns. In hearts from 
the terrestrial species (mouse and quail) 1 8 :2 > l8 :0 >
1 8 :1 whereas in the aquatic species (bullfrog and sunfish) 
1 8 :1 was the major fatty acid and occurred in twice 
the amount of any other C-^ g acid. The relatively low 
level of 1 8 :2 in sunfish heart was found to be character­
istic of all sunfish tissues examined. Similar patterns 
were found in the sunfish and bullfrog in C2q series acids, 
the quantitative distribution being almost identical. In 
mouse and quail hearts a significant difference was found 
in the 20:4 level, the percentage of this acid in quail 
being almost four times that in the mouse and approximately 
double that of the other two species. A.trend toward in­
creased unsaturation in the aquatic species was apparent 
with the higher levels of 2 0 :3 , this also being the case 
in other tissues. In all four species 22:6 was the pre­
dominant C2 2 fatty acid and was the major fatty acid in
17
both mouse and sunfish hearts. The percentage of this acid 
in mouse heart ( > 31$# the highest found in any tissue 
examined in this study) was double that found in sunfish 
heart and five times that in quail and bullfrog heart. It 
is interesting to note that in mink heart lipids 2 2 :6 was 
found to comprise less than 2 per cent of the total fatty 
acids (5 7 ). In contrast, sunfish heart contained twice as 
much 22:5 as the other species. Bullfrog and quail appear 
to have low levels of C2 2 acids in heart tissue lipids.
From the data obtained it appears that each of the 
four species has a characteristic fatty acid composition 
in heart tissue. An interesting similarity occurred between 
the two aquatic species in relation to the high levels of 
16:1, 18:3# 20:5, and 22:4. This may be related to the 
suggestion of Hilditch (25) that the most complex and highly 
developed forms of life elaborate the simplest types of 
fatty acids, xtoile less highly developed forms tend to be 
characterized by a more complex fatty acid composition. 
However, exceptions to this data can be found when ob­
serving data for other tissues.
Muscle (Table II, page 32). In some respects muscle 
tissue resembled heart tissue, particularly in the quail. 
This might be expected since both tissues are functionally 
similar and metabolically active in energy production. How­
ever, distinct differences were apparent between mouse 
heart and mouse muscle. In the C]_6 acids of muscle the 
bullfrog and mouse were almost identical as were the quail
18
and sunfish, the two former having the larger amount. The 
quantitative distribution of acids in quail muscle 
was very similar to that found in quail heart, whereas in 
the mouse there was over a two-fold increase in 1 8 :1 com­
pared with heart tissue. In sunfish muscle no C-^ g acid 
exceeded 10 per cent. In the mouse, bullfrog, and sunfish, 
but not quail, the 20:4 content was similar to that found 
in heart tissue. The mouse contained considerably less 
20:4 in muscle tissue than the other species. Sunfish muscle 
contained larger quantities of 2 2 :6 than the other species, 
and the high quantities of this acid found in mouse heart 
were not present in muscle tissue. In muscle tissue of 
all species 22:4 was found only in trace amounts. The 
appearance of minor constituent fatty acids in the aquatic 
species was not so noticeable in muscle as in heart tissue, 
only 2 0 :5 being significantly higher, although 2 2 :5 was 
again present in large amounts ( > Qf0) in sunfish muscle.
Liver (Table III, page 33). Several species dif­
ferences were apparent in liver fatty acid composition.
The content of 22:5 and 22:6 was significantly, higher in 
the sunfish than in the other species, and the distribution 
of C2 2 acids closely resembled that of muscle tissue in 
this species. The unsaturated C^g content was correspond­
ingly low in sunfish liver. In the bullfrog the unsaturated 
C-j_3 acids were present in large amounts and the high level 
of 1 8 :3 (almost 12$) was not found anywhere else in this 
study. Light and Waschek (39) have recently reported
19
similarly; high levels of unsaturated C-^ g and C2Q acids in 
Rana grylio. but they did not analyze the C22 acids which, 
in bullfrog liver, were found in low quantities. Mouse 
and quail liver were similar in fatty acid composition and 
contained a higher percentage of saturated acids than did 
the two aquatic species.
Kidney (Table IV, page 34). The distribution of 
fatty acids in kidney tissue appeared similar to liver, but 
all four species showed higher levels of 20:4. Walker and 
Lishchenko (57) also found this similarity between these 
tissues in mink, along with the corresponding increase in 
kidney 20:4. Quail kidney 18:2 was somewhat higher than 
in liver. In contrast the 18:2 level in bullfrog kidney 
was much lower than in liver tissue. Although a general 
similarity exists between kidney and liver tissue, the 
distribution of kidney C^q acids was, in addition, almost 
identical to the heart in all species.
Testes (Table V, page 35)• Testicular fatty acid 
composition appeared unique among the tissues studied with 
respect to C22 acids. In all other tissues of each species 
22:6 was the predominant C22 acid, but in testes a marked 
variation occurred. In sunfish testes 22:6 was the major 
acid of this series, and the distribution of C22 acids was 
quite similar to other sunfish tissues except brain. In 
bullfrog testes the amounts of 22:4, 22:5, and 22:6 were 
nearly identical. In quail testes 22:4 was the major C22 
acid (12$), and nowhere else in this study was this acid
20
present at such high levels. Bieri and Prival (9 ) have 
shown that 22:4 is also the major C22 acid in chicken 
testes. In mouse testes 22:5 was found to be the major 
acid of this group. This is also the case in testes from 
beef (2 8 ), pork (2 8 ), rat (9 ), dog (9 ), hamster (9 ), rabbit 
(9 ), and guinea pig (9 ). It Is interesting that in human 
testes 22:6 is the predominant C2 2 acid (9 ). The levels 
of 20:4 were similar to other tissues, with little vari­
ation between species. With the exception of the sunfish, 
1 8 :2 levels were generally lower than in the other tissues, 
while in bullfrog testes as in other tissues 1 8 :1 was quite 
high ( > 26$). In quail testes 1 8 :0 occurred in higher 
quantities than 1 8 :1 , which was not the case in chicken 
testes (9 ); however, the low .1 8 :2 value was in agreement 
with that found in chicken testes. Percentages of C^q 
acids in mouse testes agreed closely with published data 
(9). Levels of 1 6 :0 were considerably higher In mouse 
testes than in the other species. In the two terrestrial 
species testicular 1 8 :2 values were lower in comparison with 
other tissues (as was the case in brain lipids) and cor­
respondingly higher in C22 polyunsaturated acids. Apparently 
testicular 1 8 :2 is rapidly converted to more highly un­
saturated C22 acids by elongation and desaturation, as 
demonstrated by Kayama et al. (34). The two aquatic species 
had 1 8 :2 values similar to those of other tissues and were 
not characterized by unusually high levels of C22 acids.
Data on testicular fatty acids of other aquatic species is
21
not available as yet. Bieri and Andrews (8 ) have shown 
that testicular polyunsaturated fatty acids occur pre­
dominantly in the phospholipids, and since this lipid 
fraction constitutes 64-86 per cent of the total testicular 
lipid In most species, the total fatty acid pattern un­
doubtedly closely reflects the pattern of the phospholipid 
fraction. In mitochondrial membranes fatty acids exist 
primarily as phospholipid residues (53). Richardson et al. 
(48) have shown mitochondria from marine fish to be low In 
18:2 and 18:3 and high in unsaturated C22 acids. In 
addition, high levels of the linolenate (1 8 :3 ) family of 
acids were characteristic of fish mitochondria, while high 
levels of the linoieate (1 8 :2 ) family of acids character­
ized terrestrial animals. The high levels of 22:6, the 
highest metabolite of 1 8 :3 , indicates that a situation similar 
to marine fish probably exists in sunfish testes as well 
as the other sunfish tissues analyzed, only slight differ­
ences resulting from these analyses. Since only slight 
modifications are produced in testicular fatty acids by 
variations in dietary fat (9 ), it would appear that the 
testes of each species has a characteristic fatty acid 
composition.
Brain (Table VI, page 3 6 ). A uniformly similar 
pattern In the fatty acid composition of brain occurred 
in the four species studied. In all cases 22:6 > 22:4 >
2 2 :5 which was in contrast to the distribution in testes 
where each species had a different pattern of C2 2 acids,
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or in the other tissues where 22:4 was found in only minor 
quantities. High levels of 22:6 have been reported in the 
brain lipids of other species including the rat (4 3 ) and 
chicken (16). Another feature of brain tissue was the low 
percentage of 1 8 : 2 (1-2$); nowhere else in this study were 
such low levels of this acid observed. Mink (57), chicken 
(3 2 ), and human (3 2 ) brain tissue have recently been shown 
to have comparable low levels of 18:2. The level of 18:1 
(22$) in sunfish brain is two fold greater than in other 
sunfish tissues, and therefore, does not differ greatly 
from the'brain 18:1 values of the other three species. The 
data in Table VI indicates a tissue specific fatty acid 
composition in brain which does not occur in the other 
tissues. The high levels of 22:4 would seem to indicate 
a specific function for this acid although at present its 
function is unknown. Patty acid analyses of brain organelle 
lipids after addition of labelled 1 8 :2 to the diet would 
help in elucidating the function and significance of 22:4 
in brain.
Depot Pat (Table VII, page 37). Only slight dif­
ferences in depot fat are apparent between the mouse and 
quail. No fatty acids above 18:3 were found in measurable 
amounts in these two species. It has been established that 
depot fatty acids reflect the fatty acid composition of the 
diet, ruminants being an exception to this rule (2 5 ). 
Although stock diets were not analyzed for fatty acid com­
position, the diets of the mouse and quail apparently
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contained similar fatty acids since their depot fat com­
positions were nearly identical. The bullfrog was found 
to have a much different pattern of depot fatty acids 
although, as in the mouse and quail, 1 8 : 1 was the pre­
dominant acid. The high level of 16:1 and low level of 
1 8 :2 in bullfrog depot fat probably resulted from the 
consumption of insects, which have been shown to have a 
correspondingly high level of 1 6 : 1 and are low in 1 8 : 2  
(6 ). A discussion of fatty acids of depot fat is beyond 
the scope of this investigation since this area has been 
extensively reviewed by Hilditch (25) and Shorland (51,
5 2 ). Apparently 18:1 is the preferred acid in this tissue 
for energy storage (2 5 ).
Species Distribution of Fatty Acids
Phylogenetic Relationship. Hilditch and Lovern 
(24) have suggested that many parallelisms exist between 
the depot fats of animals and their place in the evolutionary 
scale of development. They showed the depot fatty acid 
composition of land animals to be less complex than that 
of aquatic animals. However, Shorland (5 0 ) has questioned 
this approach, suggesting that depot fatty acid composition 
is a result of diet rather than species specifioity. In 
addition, animals which have less complex depot fats 
usually have diets which in turn are less complex. With 
the exception of ruminants the depot fatty acid composition 
is primarily determined by exogenous fat. In the case of
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marine birds which feed exclusively on marine fish, the 
depot fats are of the marine type (41). It would seem 
that although the hypothesis of Hilditch and Lovern might 
have some merit, it would be of more significant value if 
tested on animals which received a similar diet. The 
problem becomes more complex when this hypothesis is 
extended to other tissues and organs, and little data is 
available as yet.
Tissue and organ fatty acids of the species studied 
appeared to vary widely as seen in Tables VIII - XI (pages 
38 - 41). However, as discussed previously the brain 
exhibits a tissue rather than animal specificity. Only 
slight modifications in the testicular fatty acid com­
position are produced by variations in the lipid or fatty 
acid content of the diet (9 ). Since published data (9,
2 8 ), as well as data from this investigation, indicate that 
each species has a unique distribution pattern, testicular 
fatty acid composition might be more suitable than depot 
fatty acid composition as a basis for biochemical taxonomy 
and evolutionary studies.
Hilditch (2 5 ) considered that animals which have 
the least complex depot fatty acid composition (that is, 
those which contain fewer acids and/or higher percentages 
of the major component acids (such as 1 6 :0 , 1 8 :0 , 1 8 :1,
1 8 :2 , 20:4 and 2 2 :6 ) are more highly evolved than those 
animals with a complex fatty acid composition. Although 
his criterion of number of fatty acids present appears to
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hold true for depot fat It cannot be extended to other 
animal tissues since approximately the same number of acids 
were found in all of the four species studied. Even the 
odd-numbered and branched-chain acids were similarly dis­
tributed as minor components. Hilditch's hypothesis does 
appear valid in considering major fatty acid constituents 
of other animal tissues. The major fatty acids in all sun­
fish tissues examined make up a smaller percentage of the 
total than in tissues from the other three species. Bull­
frog tissues fall between those of the sunfish and the two 
terrestrial species in this respect. It is difficult to 
distinguish the mouse from the quail by this criterion as 
might be expected since both rank high on the evolutionary 
scale and Hilditch’s idea was developed over broad areas 
of the taxonomic scheme.
Unsaturation in Aquatic vs. Terrestrial Species. 
Perhaps the most widely used basis for comparison of tissue 
lipids is the relative content of saturated and unsaturated 
acids as well as the degree of unsaturation. Most of the 
older work reported degree of unsaturation on the basis of 
iodine values. This system has severe limitations when used 
as a basis for comparison of species since it tells nothing 
about the specific fatty acid composition in the tissue. 
Specific differences such as the high levels of 22:4 in 
brain and 22:4 and 2 2 : 5 in some testicular tissue have only 
recently been elucidated by gas chromatographic techniques.
It has been shown by many workers that environmental
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temperature influences the distribution of fatty acids in 
animal tissues (4, 11, 14). Recently Knipprath and Mead 
(3 7 ) studied the effects of environmental temperature on 
mosquitofish and guppies maintained on the same diet and 
found that the tendency is toward higher unsaturation at 
lower temperatures when considering the total fatty acids 
of the entire fish, but that the acids involved in the 
change differ with the species of fish and with the fatty 
acid composition of the diet.
Data accumulated in Tables I - XI tend to support 
previous reports. The aquatic species contained larger 
quantities of 1 6 :1 , 18:3, 2 0 :5 , and 22:4 in general, 
although those tissues which had a high phospholipid content 
did jiot follow this pattern as closely as did the whole 
animals (37). Since the fatty acid composition of phospho­
lipids tends to remain constant in tissue lipids (2 5 ) it 
is probable that the glyceride fraction responds to changes 
in environmental temperature and diet more readily. Those 
tissues which contain large quantities of phospholipids, 
therefore, probably do not reflect external effects as 
markedly as tissues which have a high glyceride content.
In most cases fatty acid analyses of the whole animal have 
been performed on invertebrates and small fish. Studies 
of this type would prove more valuable if these analyses 
were performed on major lipid fractions or tissues rather 
than on the entire organism. Barlow (6 ) analyzed the total 
fatty acids of thirty-two species of insects and showed that
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differences in fatty acid composition between species ap­
parently had little physiological significance except that 
more highly unsaturated (more liquid) fats are associated 
with species that live in colder environments. This paral­
lels Lewis* work with marine ectotherms (3 8 ). Studies on 
the effect of dietary fat in fresh-water fish lipids have 
shown that fish are not greatly different from mammals in 
the metabolism of 16:0, 1 8 :1, and 1 8 :2 , although the degree 
and rates at which this metabolism takes place seem to be 
different (13). This may be due to the fact that fish are 
poikilothermic while mammals are homeothermic. It was 
suggested that acids of the linoleic-type (1 8 :2 ) are of less 
importance for fish than for mammals, and are probably re­
placed by acids of the linolenic-type (18:3). Richardson, 
Tappel, and Gruger (47) found low amounts of essential fatty 
acids in mitochondria of salmon liver and heart, and catfish 
and carp livers. They suggested that the linoleic (18:2) 
group of fatty acids is not necessary for the metabolism of 
fish mitochondria, and that linolenic-type (1 8 :3 ) probably 
replace them in mitochondrial functions. In the present 
study the 1 8 :2 to 1 8 : 3 ratio was approximately 1 : 1 in 
sunfish tissues, and in none of the sunfish tissues was 
1 8 :2 found in quantities greater than six per cent. The 
highest metabolite of 1 8 :3 * 22:6, was found in large quanti­
ties in all sunfish tissues indicating the importance of 
this family of acids in this species. In bullfrog tissues 
2 2 : 6 was found in smaller amounts than in the other species
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while 18:2 was generally high which suggests that acids 
of the linoieate-type (18:2) are more important. However, 
the levels of 1 8 : 3 were higher in the bullfrog than in the 
other three species. The bullfrog appears to fall halfway 
between the sunfish and the terrestrial species with 
relation to its utilization of the C1g acids. It would be 
interesting to subject bullfrogs to various temperatures 
and observe the ratio of 18:3 to 22:6 under these conditions.
Evidence from this Investigation, therefore, in­
dicates that a difference exists between the fatty acid 
composition of aquatic and terrestrial species which is 
influenced by diet, environmental temperature, and the 
specific fatty acid requirements of each species.
Specific Fatty Acids. Some interesting patterns 
were apparent in the C^q series of acids. In quail tissues 
18:0 > 1 8 :1 except in depot fat. However, in most animals 
depot fat is characterized by high levels of 1 8 : 1 and low 
levels of 1 8 :0 (2 5 ). In quail and mouse tissues 18:2 
levels exceeded 14 per cent except as previously mentioned 
in brain and testes. In the two aquatic species 1 8 :1 
appeared to be the major Cjg fatty acid. However, levels 
of this acid in the bullfrog were twice as high as those 
found in comparable sunfish tissues, with the exception 
of brain in which both species had similarly high levels 
(approximately 21$).
The levels of 20:4 varied between 5 and 15 per cent, 
and levels varied more widely between tissues than between
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species. The minimum values of 20:5 in tissues of the 
aquatic species exceeded the maximum values of this acid 
in all tissues of the two terrestrial species.
The qualitative and quantitative distribution of 
C22 acids in the four species varied both according to 
tissue and species. Although 22:6 was found in large 
quantities in the sunfish (1 5-22$), considerably lower 
levels were found in the bullfrog (3 -9$) even though both 
animals probably had similar diets, In the mouse the range 
of 2 2 : 6 was 7j> - 32 per cent, mouse heart tissue being 
uniquely rich in this acid. Quail tissues appeared to
have levels of 2 2 : 6 similar to the sunfish with the ex­
ception of brain where the high levels of this acid (19$) 
resemble values found in mouse and bullfrog brain tissue. 
The unusually high levels of 22:4 in brain occurred in all 
four species whereas in testes a specific preference for 
one or more of the three unsaturated C22 acids was ob­
served. In all probability neither tissue could function 
properly if a deficiency of these acids occurred.
Branched—chain acids which contained either an iso
or antelso group were found in all tissues of the four
species. The origin of the methyl branch is not definitely 
known, but valine, leucine, and isoleucine are probable 
precursors of the end chain (29). These acids are partic­
ularly associated with mammalian skin and hair lipids (1 2, 
3l)j however* the significance of branched-chain acids in 
animal tissues has not yet been investigated since their
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presence has only recently been verified with the advent of 
gas chromatography. Kingsbury and his associates (3 6 ) have 
recently identified a series of branched-chain acids from 
C13 - C2I4. normal human depot fat using gas chromatogra­
phy. The identification of branched-chain fatty acids in 
all tissues of the four species examined in the present 
work indicates that these acids are probably normal con­
stituents of all animal tissues.
Odd-numbered stralght-chain fatty acids are now 
routinely reported in gas chromatographic investigations; 
therefore the presence of small quantities of 1 5 :0 , 17:0, 
and 19:0 in the four species was not unexpected. These 
acids, as well as 20:0 and 22:0 were not generally present 
in amounts exceeding 1 per cent. In sunfish tissues 24:0 
was found in levels of 2^ - 5 per cent, but was not detected 
in any of the tissues of the other three species. This 
acid was not detected in brain in any of the animals 
examined, although it has been shown to be a trace 
component of human and bovine brain cerebrosides (54).
• .1 • • • • • ■  . , v « r * y
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14:0 iso Tr. 0.00 0.00 0.00
14:0 0.29 0.29 0 . 6 1 1 . 1 3
1 5 : 0 anteiso 0.00 Tr. 0 . 0 5 0.12
1 5 : 0 0.05 Tr. 0 . 2 3 0.34
16:0 iso 1.69 0.79 0 . 1 6 0.42
16:0 1 6 . 9 8 14.50 1 3 . 1 5 12.33
16:1 0.75 0.57 4 . 0 6 4.16
16:2 0.00 0.00 0 . 3 4 O . 3 6
17:0 0.02 0.12 0.21 0.28
18:0 iso 1.12 0.38 0.07 0 . 1 0
18:0 15.69 14.79 1 1 . 8 2 7 . 3 9
18:1 11.00 8.81 23.31 14.14
18:2 21.14 16.13 14.26 6.19
18:3 1.21 0.91 5 . H 4.46
1 9 : 0 Tr. Tr. Tr. 0.46
20:0 0.59 0.23 0.07 1.23
20:1 0.00 Tr. 0.00 0.00
20:2 O . 6 9 0.33 0.42 2.13
20:3 1.26 1.01 1.03 0.49
20:4 18.41 5.66 9.94 IO .65
20:5 1.55 Tr. 3.93 3 . 8 2
22:0 0.00 0.00 0.00 0.00
22:2 0.00 0.00 1 . 0 8 1 . 3 0
22:4 Tr. Tr. 2 . 4 5 1 . 7 2
22:5 1.29 3.67 2 . 4 5 8.24
22:6 6 . 2 6 31.79 5 . 2 7 1 5 . 3 9
24l: .0 0.00 0.00 0.00 2.84
Total
Kp-------- 1-------
99.99 99.98 100.02 99.99
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables 1,
8, 15, and 22 for composition of individual specimens.
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14:0 iso 0.00 Tr. Tr. 0.00
14:0 0.44 1.25 0.55 0.55
1 5 : 0 anteiso 0.00 Tr. Tr. Tr.
1 5 : 0 0.10 0.21 0.48 0.23
1 6 : 0 iso 1 . 1 9 0.38 0.89 o.4o
1 6 : 0 15.48 2 2 . 9 0 22.42 1 6 . 4 9
1 6 : 1 1.29 4.39 3.63 1 . 8 6
1 6 : 2 0.00 0.16 0.45 0.33
1 7 :0 0 . 1 8 Tr. 0.22 0 . 3 2
18:0 iso 0.64 Tr. 0.24 Tr.
18:0 16.48 6.29 8.90 7-07
18:1 1 1 . 3 8 23.80 18.22 9.34
18:2 17.87 16.87 8.39 5.91
18:3 1.56 2.06 4.00 3.05
1 9 : 0 Tr. 0.00 Tr. 0.42
20:0 0.69 Tr. Tr. 1 . 0 8
20:1 Tr. 0.00 0.00 0.00
20:2 0.73 Tr. Tr. 0.88
20:3 1.54 1 . 1 6 1.43 2.04
20:4 1 2 . 6 2 5.09 12.96 1 3 . 0 2
20:5. 1.91 Tr. 5.75 5 . 9 8
22:0 0.00 0.00 0.00 0.00
22:2 0.00 Tr. 0.31 0.45
22:4 Tr. Tr. Tr. Tr.
22:5 4.76 2.49 2.88 7.85
22:6 11.14 12.96 8.27 19.61
24:0 0.00 0.00 0.00 3.12
Total
, « = -------------------S-'X JC--------=— =
100.00 100.01 99.99 100.00
^Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables 2,
9 t 16, and 23 for composition of individual specimens.
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14:0 iso Tr. Tr. Tr. 0.00
14:0 0.46 0.27 : 1 . 2 5 1.01
1 5 : 0 anteiso 0.00 Tr. 0 . 1 9 0 . 2 5
1 5 : 0 0.30 0 . 2 5 0 . 4 9 0 . 5 8
16:0 iso Tr. 0.14 0 . 1 8 0.22
16:0 ' 23.5.2 28.24 2 2 . 6 9 16.79
16:1 1.99 1.01 6 . 1 8 2 . 5 2
16:2 0.07 0.11 0.64 1 . 6 3
1 7 :0 0.08 0.15 0 . 1 5 0.47
18:0 iso 0.03 Tr. Tr. 0.00
18:0 17.55 13.23 6 . 8 5 7.73
18:1 1 6 . 3 6 12.32 20.69 9.51
18:2 15.41 1 5 . 0 2 8.99 4.84
18:3 1.04 0.83 6.79 3.43
1 9 :0 0.00 Tr. 0.00 0.52
20:0 0.69 0.47 0 . 3 4 1.23
20:1 0.00 0.00 0.48 0.00
20:2 0.83 0.03 0.60 1.50
20:3 2.79 2.04 1.47 1.59
20:4 9.60 11.16 7.83 7.67
20:5 0.82 0.75 4.40 4.70
22:0 0.00 0.00 0.32 Tr.
22:2 Tr. Tr. 1.43 1.47
22:4 0.19 0.73 Tr. Tr.
22:5 1.77 2.00 2.91 6.23
22:6 6.50 11.27 5.13 21.02
24:0 0.00 0.00 0.00 5.11
Total 100.00 100.02 100.00 100.02
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables 3,
10, 17, and 24 for composition of individual specimens.
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14:0 iso 0.00 0.00 Tr. 0.00
14:0 0.35 0.47 0.87 0 . 7 3
15:0 anteiso 0.00 Tr. 0.10 0 . 1 6
1 5 :0 0.09 0.18 0.33 0.40
16:0 iso 0.77 0.47 0.21 o.4i
16:0 15.48 20.01 20.72 14.46
16:1 1.04 0.76 5.47 1.93
16:2 0.00 Tr. 0.33 0.41
17:0 0.06 0.21 0.09 0.47
18:0 iso 0.68 0.19 0.02 Tr.
18:0 18.74 15.47 7.63 9.39
18:1 13.55 10.89 20.38 10.04
18:2 21.04 14.83 11.92 4.51
18:3 1.13 0.68 5.71 3.04
1 9 : 0 0.00 Tr. Tr. 0.34
20:0 0.71 0.18 0.17 1.06
20:1 0.00 0.00 0.27 0.00
20:2 1.49 0.44 0.15 1.88
20:3 1.59 1.75 1.69 2.10
20:4 15.99 14.67 11.43 16.13
20:5 1.32 1.51 6.10 4.05
22:0 . 0.00 0.00 0.05 0.00
22:2 0.00 Tr. 0.99 0.53
22:4 1.61 0.74 0.64 2.39
22:5 Tr. 1.89 1.81 7.44
22:6 4.36 14.65 2.94 15.45
24:0 0.00 0.00 0.00 2.69
Total 100.00 99.99 100.02 100.01
y --- —  1 ■■ 1 -- -----
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables 4,
11, 18, and 25 for composition of individual specimens.
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14:0 iso 0.00 0.00 Tr. 0.00
14:0 0.46 0 . 7 0 0.77 0 . 6 7
1 5 : 0 anteiso 0.00 Tr. 0.21 0.11
15:0 0 . 0 7 Tr. 0.36 0 . 2 3
1 6 : 0 iso 0 . 7 2 0.46 0.14 0.24
1 6 :0 1 9 . 7 3 28.70 14.15 16.72
16:1 0 . 7 3 2.05 5.40 2.36
16:2 Tr. Tr. 0.33 0.30
17:0 0.10 Tr. 0.16 0.35
18:0 iso 0 . 6 2 Tr. Tr. Tr.
18:0 14.01 7.48 10.07 8 . 0 5
18:1 11.99 17.00 26.81 8.81
1 8 :2 2.77 5.65 9.18 4.41
18:3 3.36 1 . 2 6 3.82 2.76
19:0 0.00 Tr. Tr. 0.26
20:0 0 . 7 6 Tr. Tr. 1.11
20:1 0 . 3 9 0.00 0.61 0.00
20:2 1 . 2 3 0.00 0.83 1 . 0 9
20:3 2 . 7 0 1.96 2.07 1 . 6 5
20:4 14.47 12.15 8.12 1 0 . 0 6
20:5 3.46 1 . 1 6 4.90 4.01
22:0 0.00 0.00 0.29 0.00
22:2 0.95 0.00 1.42 0 . 7 9
22:4 12.32 3.13 2.95 3 . 0 9
22:5 4.79 10.73 2.70 7 . 5 1
22:6 4.37 7.56 4.69 2 1 . 8 2
24:0 0.00 0.00 0.00 3 . 6 1
Total
' ~ "
100.00 99.99 9 9 . 9 8 100.01
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables 5,
12, 19, and 26 for composition of individual specimens.
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Table VI. Fatty Acid Composition of Brain Tissue*










14:0 iso 0 . 0 0 0 . 0 0 Tr. Tr.
14:0 0.34 0 . 2 1 I . 6 5 0 . 8 6
1 5 : 0 anteiso 0 . 0 0 Tr. Tr. 0 . 1 0
1 5 : 0 0 . 1 8 Tr. 0.19 0.19
1 6 : 0 iso 0.40 0 . 9 6 O . 6 9 0.37
1 6 : 0 2 2 . 3 6 20.33 ' 2 5 . 8 2 15.98
1 6 : 1 0.88 0.75 7.47 5.85
1 6 : 2 Tr. 0.00 0.17 0.24
17:0 0.03 Tr. Tr. Tr.
18:0 iso 0.61 1.02 0.30 0.45
18:0 16.39 19.11 14.65 9.38
18:1 15.10 19.07 21.52 22.07
1 8 : 2 1.14 1.12 1.54 2.22
18:3 1.05 3.24 1.66 2 . 0 5
1 9 : 0 0.00 0.00 Tr. Tr.
20:0 Tr. 0 . 9 0 Tr. 0.80
20:1 0.00 0.00 Tr. 0.00
20:2 0.00 0.00 Tr. 0.23
20:3 2.30 I.6 5: 1.05 1.42
20:4 9 . 6 2 8.79 10.23 6.30
20:5 Tr. 0.00 1.55 1.75
22:0 0.00 0.00 0.00 0.00
22:2 0.00 0.00 Tr. Tr.
22:4 6.19 6.48 2.81 8.75
22:5 4.23 Tr. 0.60 2.23
22:6 19.18 16.38 8.09 18.76.
24:0 0.00 0.00 0.00 0.00
Total 100.00 100.01 99-99 100.00
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables 6,
13, 20, and 27 for composition of individual specimens.
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14:0 iso 0.00 0.00 Tr.
14:0 1.12 1 . 5 1 3.61
1 5 : 0 anteiso 0.00 0.00 0.80
1 5 : 0 0.51 0.42 0.57
16:0 iso Tr. ■ 0.25 Tr.
16:0 20.89 22.37 13.34
16:1 3.74 7 . H 17.12
16:2 0.68 0.60 1.53
1 7 : 0 0.28 Tr. Tr.
18:0 iso 0.00 0.00 Tr.
18:0 7.35 2 . 5 0 1.86
18:1 36.65 41.47 39.61
18:2 24.20 20.08 6.33
18:3 3.24 2.90 8.59
1 9 : 0 Tr. 0.00 Tr.
20:0 1.35 0.79 0.46
20:1 0.00 0.00 0.00
20:2 0.00 Tr. 1 . 0 4
20:3 0.00 Tr. 0 . 5 3
20:4 Tr. Tr. 1.64
20:5 0.00 0.00 1.04
22:0 0.00 0.00 Tr.
22:2 0.00 0.00 1.23
22:4 0.00 0.00 Tr.
22:5 0.00 0.00 Tr.
22:6 0.00 0.00 0 . 5 0
24:0 0.00 0.00 0.00
Total 100.01 100.00 100.00
^ . . . .  . . _ 
Figures are average values from 5 replicate samples expressed 
as per cent of fatty acids analyzed. See appendix tables 7 , 
14, and 21 for composition of individual specimens.
/
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6 . 5 0
0.00
0.00


















24:0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.99 100.00 100.00 100.00 100.00 100.00 100.01
*
Figures are average values from 5 replicate samples expressed
as percent of fatty acids analyzed. See appendix tables
1-7 for composition of individual specimens.
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17:0 0.12 Tr. 0.15 0.21 Tr. Tr. Tr.
18:0
18:0




































2 0 . 0 8
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24:0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.98 100.01 100.02 99.99 99.99 100.01 100.00
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables 8,-
14 for composition of individual specimens.
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3 . 6 1
1 5 : 0
1 5 : 0
anteiso 0 . 0 5













1 6 : 0  
16:0 
1 6 :1  
1 6 : 2
iso 0 . 1 6
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0 . 6 0
1 . 4 7

































































0 . 5 0
24:0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.02 99.99 100.00 100.02 99.98 99.99 100.00
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables
15 through 21 for composition of individual specimens.
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1 . 5 0
1 . 5 9
7 . 6 7
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0 . 7 9
3 . 0 9
7 . 5 1





1 8 . 7 6
24:0 2.84 3.12 5.11 2.69 3 . 6 1 0.00
Total 99.99 100.00 100.02 100.01 100.01 100.00
Figures are average values from 5 replicate samples expressed
as per cent of fatty acids analyzed. See appendix tables
22 '•*' 27 for composition of individual specimens.
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CONCLUSIONS
From the fatty acid analyses of tissues from four 
vertebrate species the following conclusions were drawn:
1. Wide variations in the quantitative distribution 
of fatty acids were found among tissues of
the quail, mouse and bullfrog. Sunfish tissues 
were all quantitatively similar, except for 
brain.
2. The aquatic species (bullfrog and sunfish) had 
higher levels of minor constituent unsaturated 
fatty acids (16:1, 18:3, 20:5, 22:4) than the 
terrestrial species (quail and mouse).
3. Brain tissue from all four species was charac­
terized by a low level of 18:2, and similar 
patterns of C2 2 acids (22:6 > 22:4 > 22:5) 
indicating a tissue specificity.
4. Testicular tissue was characterized by distinct 
species differences in Cgg acids indicating
a species specificity.
5. The high levels of 22:6 found in tissues which 
are metabolically active in energy production 
suggest a probable role in membrane structure.
6. The high levels of 18:1 found in depot fat 
confirm reports that this fatty acid is the 
preferred form of reserve energy storage in
43
animal fats.
7. Branched-chain acids probably represent normal 
constituents of animal tissues since they were 
found in all analyses.
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SUMMARY
Fatty acid analyses were performed on seven 
tissues from four different vertebrate species. Gas 
chromatography was employed in conjunction with thin- 
layer chromatography and microhydrogenation for the 
separation and identification of 28 fatty acids as their 
methyl esters. Variations in fatty acid composition 
between the tissues in each species were compared in 
order to determine if any specificity, either species 
or tissue, was apparent. A higher degree of unsatur­
ation was found in the aquatic species. The fatty acid 
composition of brain was similar in all four species, 
while testicular fatty acids appeared to be species 
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Explanation of Appendix Tables
1. A shorthand designation for the structure of 
each fatty acid methyl ester is used, that is, 18:2 = a 
acid with 2 double bonds, 18:0 = a saturated C-^ g acid, etc., 
and, unless otherwise stated (iso or anteiso), all acids 
are straight-chain and of the cis configuration in the
case of unsaturated esters.
2. Column headings 1 - 5 in each table refer to 
individual specimens used for analysis, a given number 
representing tissue from the same animal throughout the 
tables for that species. For example, mouse heart #1, 
mouse liver #1, mouse brain #1, etc. were all removed 
from the same mouse.
3. Values are presented as percentages of indi­
vidual fatty acids relative to the total fatty acids 
analyzed.
4. Sample number 3 of bullfrog depot fat was not 
included in the average values. This sample was atypical, 
weighing only 3 mg.
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Table 1. Patty Acid Composition of Coturnix Quail Heart
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 Tr. Tr. Tr. Tr.
14:0 0.35 0.33 0.23 0.30 0.23 0.29
15:0 anteiso 0.00' 0.00 0.00 0.00 0.00 0.00
15:0 0.05 0.04 0.09 0.01 0.08 0.05
16:0 iso l.6o 1.84 1.98 2.10 0.95 1.69
16:0 17.65 17.55 16.03 17.41 16.26 16.98
16:1 1.20 0.54 0.46 O.58 0.99 0.75
16:2 0.00 0.00 0.00 0.00 0.00 0.00
17:0 Tr. 0.00 0.00 0.09 Tr. 0.02
18:0 iso 1.14 1.15 1.67 0.99 0.64 1.12
18:0 15.07 16.75 16.55 15.81 14.25 15.69
18:1 13.18 10.27 7.42 9.55 14.60 11.00
18:2 20.58 21.86 20.84 21.04 21.40 21.14
18:3 1.22 1.08 1.50 0.92 1.32 1.21
19:0 0.00 0.00 Tr. Tr. 0.00 Tr.
20:0 1.08 0.42 0.52 0.33 0.61 0.59
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.50 0.90 0.74 O .58 0.72 0.69
20:3 O .58 1.38 1.48 1.76 1.10 1.26
20:4 18.36 18.81 20.65 19.22 15.01 18.41
20:5 1.14 1.20 1.33 2.18 1.89 1.55
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 Tr. Tr. Tr. Tr. 0.00 Tr.
22:5 0.97 0.90 1.94 O .89 1.74 1.29
22:6 5.34 4.97 6.57 6.24 8.19 6.26
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.01 99.99 100.00 100.00 99.98 99.99
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Table 2 . Patty Acid Composition of Coturnix Quail Muscle
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.33 0.43 0.45 0.43 0.54 0.44
15:0 anteiso 0.00 0.00 0.00 0.00 0.00 0.00
15:0 0.12 0.09 0.12 0.09 0.10 0.10
16:0 iso 1.40 1.24 1.27 1.08 0.98 1.19
16:0 15.60 14.31 12.60 19.00 15.90 15.48
16:1 1.51 1.00 0.95 1.50 1.50 1.29
16:2 0.00 0.00 0.00 0.00 0.00 0.00
17:0 0.17 0.17 0.43 0.07 0.07 0.18
18:0 iso 0.71 0.74 0.85 0.50 0.38 0.64
18:0 15.55 17.94 18.97 14.69 15.26 16.48
18:1 13.16 8.36 7.57 15.96 11.84 11.38
18:2 17.41 18.25 18.23 20.21 15.27 17.87
18:3 1.47 0.83 1.53 1.41 2.54 1.56
19:0 0.00 0.00 Tr. Tr. Tr. Tr.
20:0 1.15 0.26 0.87 0.12 1.04 0.69
20:1 0.00 0.00 Tr. 0.00 0.00 Tr.
20:2 1.11 1.49 0.00 0.38 0.69 0.73
20:3 2.06 2.41 1.23 0.86 1.15 1.54
20:4 12.89 13.65 13.14 11.88 11.53 12.62
20:5 2.46 2.71 1.96 Tr. 2.43 1.91
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 Tr. 0.00 0.00 0.00 Tr. Tr.
22:5 5.33 4.78 4.13 3.4-0 6.17 4.76
22:6 7.57 11.35 15.69 8.43 12.64 11.14
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.01 .99,99 100.01 100.03 100.00
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Table 3. Fatty Acid Composition of Coturnix Quail Liver
Fatty Acid 1 2 3 4 5 Average
14:0 iso Tr. 0.00 0.00 0.00 0.00 Tr.
14:0 0.44 0.68 0.27 0.22 0.67
VO-3-•0
15:0 anteiso 0.00 0.00 0.00 0.00 0.00 0.00
15:0 0.25 0.25 0.45 0.27 0.26 0.30
16:0 iso Tr. 0.00 Tr. Tr. 0.00 Tr.
16:0 23.48 26.76 18.55 18.09 30.71 23.52
16:1 1.53 3.10 2.49 1.12 1.73 1.99
16:2 0.04 0.03 Tr. 0.22 0.07 0.07
17:0 0.27 Tr. Tr. Tr. 0.15 0.08
18:0 iso Tr. Tr. ..Tr. 0.17 Tr. 0.03
18:0 15.50 16.07 17.80 19.70 18.67 17.55
18:1 16.39 19.90 16.74 12.82 15.93 16.36
18:2 16.61 13.55 15.34 17.52 14.05 15.41
18:3 1.37 0.93 1.20 1.05 0.64 1.04
19:0 0.00 0.00 0.00 0.00 0.00 0.00
20:0 0.69 0.51 0.86 0.7 6 0.63 0.69
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.85 0.74 1.66 0.62 0.29 0.83
20:3 2.89 1.58 5.54 2.84 1.08 2.79
20:4 9.60 7.82 11.08 13.24 6.27 9.60
20:5 1.59 1.84 Tr. Tr. 0.69 0.82
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 Tr. Tr. Tr. 0.00 Tr.
22:4 Tr. Tr. Tr. Tr. 0.94 0.19
22:5 2.80 0.58 1.36 2.87 1.22 1.77
22:6 5.71 5.67 6.68 8.48 5.98 6.50
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.01 100.01 100.02 99.99 99.98 100.00
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Table 4 . Patty Acid Composition of Coturnix Quail Kidney
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.41 0.43 0.31 0.27 0.33 0.35
15:0 anteiso 0.00 0.00 0.00 0.00 0.00 0.00
15:0 0.10 Tr. 0.21 0.10 0.05 0.09
16:0 iso 0.68 0.97 0.50 0.95 0.73 0.77
16:0 16.52 14.43 14.10 14.81 17.56 15.48
16:1 1.44 0.97 0.83 0.79 1.17 1.04
16:2 0.00 0.00 0.00 0.00 0.00 0.00
17:0 Tr. Tr. 0.24 0.00 0.07 0.06
18:0 iso 0.60 0.77 0.5^ 0.90 0.61 0.68
18:0 16.76 19.69 21.48 19.94 15.84 18.74
18:1 15.78 9.97 10.75 13.49 17.76 13.55
18:2 19.92 20.68 21.87 21.18 21.57 21.04
18:3 0.60 1.78 1.72 0.64 0.89 1.13
19:0 0.00 0.00 0.00 0.00 0.00 0.00
20:0 0.64 1.04 1.20 0.34 0.34 0.71
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 1.27 1.23 I.85 1.86 1.26 1.49
20:3 1.26 1.50 2.13 1.73 1.31 1.59
20:4 15.31 16.91 16.55 16.94 14.22 15.99
20:5 0.98 1.51 2.32 0.62 1.16 1.32
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 1.37 1.82 1.58 1.94 1.35 1.61
22:5 Tr. Tr. Tr. Tr. Tr. Tr.
22:6 6.37 6.30 1.85 3.50 3.77 4.36
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.01 100.00 100.03 100.00 99.99 100.00
5 6
Table 5. Patty Acid Composition of Coturnix Quail Testes











































































































































































24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.01 100.01 100.00 99.99 100.00
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Table 6. Fatty Acid Composition of Coturnix Quail Brain
Fatty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.36 0.29 0.34 0.38 0.33 0.34
15:0 anteiso 0.00 0.00 0.00 0.00 0.00 0.00
15:0 0.14 0.11 0.24 0.19 0.21 0.18
16:0 iso 0.51 0.54 0.36 0.33 0.26 0.40
16:0 24.18 22.59 22.81 20.01 22.19 22.36
16:1 0.85 0.80 0.99 0.89 0.87 0.88
16:2 0.00 Tr. 0.00 0.00 Tr. Tr.
17:0 0.00 O'. 14 Tr. Tr. Tr. 0.03
18:0 iso 0.74 0.76 0.42 0.65 0.47 0.61
18:0 17.68 17.36 17.02 13.89 15.99 16.39
18:1 13.07 13.88 15.76 17.06 15.71 15.10
18:2 1.12 0.84 0.90 1.37 1.48 1.14
18:3 0.76 0.69 1.08 1.56 1.17 1.05
19:0 0.00 0.00 0.00 0.00 0.00 0.00
20:0 0.00 Tr. 0.00 Tr. Tr. Tr.
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 0.00 0.00 0.00 0.00 0.00
20:3 2.04 2.15 2.16 1.95 3.21 2.30
20:4 9.92 10.31 10.00 7.87 10.02 9.62
20:5 0.00 0.00 0.00 0.00 Tr. Tr.
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 5.82 5.04 6.96 6.44 6.70 6.19
22:5 3.69 4.28 3.03 3.99 6.17 4.23
22:6 19.11 20.21 17.93 23.42 15.23 19.18
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.99 99.99 100.00 100.00 100.01 100.00
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Table 7. Patty Acid Composition of Coturnix Quail Depot Pat
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.99 1.16 1.14 1.25 1.06 1.12
15:0 anteiso 0.00 0.00 0.00 0.00 0.00 0.00
15:0 0.38 0.50 0.28 0.86 0.52 0.51
16:0 iso Tr. Tr. 0.00 0.00 Tr. Tr.
16:0 22.59 20.93 19.35 20.99 20.58 20.89
16:1 4.56 3.38 4.27 3.83 2.65 3.74
16:2 0.25 0.71 i.o4 0.94 0.45 0.68
17:0 0.19 0.30 0.19 0.44 0.26 0.28
18:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
18:0 6.64 8.21 7.89 7.60 6.43 7.35
18:1 39.80 33.43 34.49 37.00 38.55 36.65
18:2 22.02 25.21 24.66 23.54 25.57 24.20
18:3 1.96 3.98 5.07 1.88 3.30 3.24
19:0 Tr. 0.00 0.00 0.00 0.00 Tr.
20:0 0.63 2.19 1.61 1.68 0.63 1.35
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 0.00 0.00 0.00 0.00 0.00
20:3 0.00 0.00 0.00 0.00 0.00 0.00
20:4 Tr. Tr. Tr. Tr. Tr. Tr.
20:5 0.00 0.00 0.00 0.00 0.00 0.00
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 0.00 0.00 0.00 0.00 0.00 0.00
22:5 0.00 0.00 0.00 0.00 0.00 0.00
22:6 0.00 0.00 0.00 0.00 0.00 0.00
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.01 100.00 99.99 100.01 100.00 100.01
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Table 8. Patty Acid Composition of Mouse Heart
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.24 0.36 0.14 0.37 0.36 0.29
15:0 anteiso Tr. ’ Tr. 0.00 Tr. 0.00 Tr.
15:0 Tr. Tr. Tr. Tr. Tr. Tr.
16:0 iso 0.93 0.65 1.01 0.62 0.75 0.79
16:0 15.04 14.79 14.42 13.64 14.63 14.50
16:1 0.53 0.61 0.35 0.69 0.69 0.57
16:2 0.00 0.00 0.00 0.00 0.00 0.00
17:0 0.15 0.07 0.11 0.12 0.16 0.12
18:0 iso 0.57 0.12 0.44 0.32 0.47 0.38
18:0 15.11 13.18 15.31 14.68 15.65 14.79
18:1 7.25 8.72 8.32 10.57 9.21 8.81
18:2 15.15 15.12 16.06 17.19 17.14 16.13
18:3 0.71 1.09 0.80 1.03 0.90 0.91
19:0 Tr. Tr. Tr. Tr. Tr. Tr.
20:0 0.24 Tr. 0.22 0.36 0.33 0.23
20:1 0.00 0.00 0.00 0.00 Tr. Tr.
20:2 0.62 0.20 0.56 Tr. 0.26 0.33
20:3 0.89 0.52 1.13 1.06 1.47 1.01
20:4 5.53 4.77 5.93 6.27 5.81 5.66
20:5 Tr. Tr. Sc. Tr. Tr. Tr.
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 0.00 Tr. 0.00 Tr. Tr. Tr.
22:5 2.65 3.73 2.66 5.22 4.08 3.67
22:6 3^.38 36.06 32.55 27.86 28.08 31.79
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.99 99.99 100.01 100.00 99.99 99.98
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Table 9. Fatty Acid Composition of Mouse Muscle
Fatty Acid 1 2 3 4 5 Average
14:0 iso Tr. 0.00 Tr. 0.00 Tr. Tr.
14:0 1.12 1.44 1.42 1.18 1.08 1.25
15:0 anteiso Tr. 0.00 0.00 0.00 0.00 Tr.
15:0 0.45 0.30 Tr. 0.28 Tr. 0.21
16:0 iso 0.51 0.38 Tr. 0.30 0.70 0.38
16:0 22.50 22.71 26.26 21.57 21.44 22.90
16:1 3.38 4.96 4.21 5.34 4.06 4.39
16:2 0.00 Tr. 0.20 0.61 Tr. 0.16
17:0 Tr. Tr. Tr. Tr. Tr. Tr.
18:0 iso Tr. ■..Tr. Tr. Tr. Tr. Tr.
18:0 7.87 6.07 5.85 5-07 6.57 6.29
18:1 22.20 25.71 25.85 26.94 18.29 23.80
18:2 15.53 16.08 19.35 18.79 14.62 16.87
18:3 1.64 1.80 1.95 3.48 1.44 2.0 6
19:0 0.00 0.00 0.00 0.00 0.00 0.00
20:0 Tr. Tr. Tr. Tr. Tr. Tr.
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 Tr. 0.00 Tr. Tr. Tr. Tr.
20:3 0.89 1.17 0.54 1.49 1.72 1.16
20:4 5.11 3.69 2.94 3.92 9.81 5.09
20:5 Tr. Tr. Tr. 0.00 Tr. Tr.
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 Tr. 0.00 Tr.
22:4 0.00 Tr. Tr. Tr. Tr. Tr.
22:5 2.98 2.08 2.35 1.76 3.30 2.49
22:6 15.83 13.64 9.09 9.28 16.96 12.96
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.01 100.03 100.01 100.01 99.99 100.01
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Table 10. Patty Acid Composition of Mouse Liver
■ii r ■■ ... x.
Patty Acid 1 2 3 4 5 Average
14:0 iso Tr. 0.00 Tr. Tr. Tr. Tr.
14:0 0.25 0.11 0.38 0.25 0.36 0.27
15:0 anteiso Tr. Tr. Tr. Tr. Tr. Tr.
15:0 0.15 0.34 0.49 0.20 0.0 6 0.25
16:0 iso 0.06 0.04 0.45 Tr. 0.14 0.14
16:0 29.08 27.51 31.20 28.27 25.12 28.24
16:1. 0.17 0.44 0.88 1.08 2.46 1.01
16:2 0.09 0.05 Tr. 0.22 0.19 0.11
17:0 0.18 0.15 0.27 0.08 0.05 0.15
18:0 iso Tr. Tr. Tr. Tr. Tr. Tr.
18:0 15.18 14.48 12.93 13.50 10.05 13.23
18:1 8.90 8.63 10.22 11.99 21.87 12.32
18:2 17.54 16.46 12.12 15.52 13.48 15.02
18:3 0.83 0.51 0.72 0.39 1.68 0.83
19:0 Tr. Tr. Tr. Tr. Tr. Tr.
20:0 0.38 0.29 0.73 0.18 0.78 0.47
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 Tr. Tr. Tr. 0.13 Tr. 0.03
20:3 1.32 1.83 3.65 1.39 2.00 2.04
20:4 12.68 12.96 9.34 10.88 9.94 11.16
20:5 1.14 Tr. Tr. 0.91 1.70 0.75
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 Tr. Tr. Tr. Tr.
22:4 0.00 1.63 2.01 Tr. Tr. 0.73
22:5 1.50 2.17 3.46 1.08 1.78 2.00
22:6 • 10.55 12.40 11.16 13.91 8.35 11.27
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 100.01 99.98 100.01 100.02
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Table 11. Patty Acid Composition of Mouse Kidney
m-.\L=Z
Fatty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.29 0.54 0.22 0.77 0.52 0.47
15:0 anteiso Tr. Tr. Tr. Tr. Tr. Tr.
15:0 0.07 0.31 0.14 0.21 0.18 0.18
16:0 iso 0.51 0.33 0.66 0.37 0.47 0.47
16:0 20.87 16.20 22.18 23.39 17.43 20.01
16:1 0.32 0.97 0.29 1.35 0.87 0.76
16:2 0.00 Tr. Tr. Tr. Tr. Tr.
17:0 0.38 0.21 0.16 Tr. 0.29 0.21
18:0 iso 0.45 Tr. 0.24 Tr. 0.24 0.19
18:0 16.09 15.99 16.94 13.22 15.10 15.47
18:1 8.65 15.17 6.98 14.03 9.64 10.89
18:2 13.33 17.02 13.57 13.99 16.25 14.83
18:3 0.42 1.20 0.08 0.75 0.95 0.68
19:0 Tr. 0.00 Tr. Tr. Tr. Tr.
20:0 0.28 Tr. Tr. 0.17 0.46' 0.18
20!:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.49 0.50 Tr. O .65 0.57 0.44
20:3 1.66 1.31 1.76 2.00 2.01 1.75
20:4 14.97 14.75 16.88 12.15 14.60 14.67
20:5 1.41 0.73 1.41 1.78 2.22 1.51
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 Tr. Tr. 0.00 Tr.
22:4 Tr. 0.68 Tr. 1.75 1.27 0.74
22:5 3.34 1.40 2.10 0.40 2.21 1.89
22:6 16.46 12.69 16.36 13.03 14.72 14.65
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.99 100.00 99.97 100.01 100.00 99-99
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Table 12. Fatty Acid Composition of Mouse Testes
Fatty Acid 1 . 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.80 0.70 0.67 0.70 0.62 0.70
15:0 anteiso Tr. Tr. 0.00 Tr. 0.00 Tr.
15:0 Tr. Tr. 0.00 Tr. Tr. Tr.
16:0 iso 0.66 0.35 1.00 Tr. 0.30 0.46
16:0 29-95 29.13 30.12 26.59 27.69 28.70
16:1 1.99 2.91 1.39 2.54 1.42 2.05
16:2 Tr. 0.00 Tr. Tr. 0.00 Tr.
17:0 Tr. Tr. Tr. Tr. Tr. Tr.
18:0 iso Tr. 0.00 Tr. Tr. Tr. Tr.
18:0 7.17 7.45 8.21 6.76 7.82 7.48
18:1 17.59 18.16 14.66 19.21 15.39 17.00
18:2 5.20 5.85 4.98 8.51 3.72 5.65
18:3 1.16 1.00 1.5^ 1.36 1.25 1.26
19:0 Tr. 0.00 Tr. 0.00 Tr. Tr.
20:0 Tr. Tr. Tr. Tr. Tr. Tr.
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 0.00 0.00 0.00 0.00 0.00
20:3 1.51 3.12 1.76 1.00 2.43 1.96
20:4 12.54 10.60 14.86 10.17 12.59 12.15
20:5 0.00 Tr. 1.88 1.22 2.71 1.16
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 1.67 3.91 2.00 3.93 4.12 3.13
22:5 12.00 6.99 8.74 11.91 14.01 10.73
22:6 7.76 9.83 8.17 6.10 5.94 7.56
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00 99.98 100.00 100.01 99.99
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Table 13. Patty Acid Composition of Mouse Brain
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.24 0.32 0.22 0.19 0.06 0.21
15:0 anteiso 0.00 Tr. 0.00 0.00 0.00 " Tr.
15:0 Tr. Tr. Tr. 0.00 Tr. Tr.
16:0 iso 1.13 1.13 1.26 1.03 0.27 0.96
16:0 19.83 20.27 18.41 21.90 21.24 20.33
16:1 0.89 0.62 O .85 0.66 0.71 0.75
16:2 0.00 0.00 0.00 0.00 0.00 0.00
17:0 0.00 0.00 0.00 0.00 Tr. Tr.
18:0 iso 1.42 1.51 1.12 0.83 0.21 1.02
18:0 19.27 18.39 17.52 20.26 20.10 19.11
18:1 18.56 17.59 17.77 20.08 21.33 19.07
18:2 1.08 1.27 1.17 1.03 1.04 1.12
18:3 2.86 2.96 3.12 3.33 3.91 3-24
19:0 0.00 0.00 0.00 0.00 0.00 0.00
20:0 0.87 0.63 1.21 0.97 0.81 0.90
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 0.00 0.00 0.00 0.00 0.00
20:5 1.07 1.16 3.28 1.37 1.39 1.65
20:4 8.03 8.22 8.63 9.35 9.74 8.79
20:5 0.00 0.00 0.00 0.00 0.00 0.00
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 5.91 7.31 8.80 5.30 5.10 6.48
22:5 Tr. Tr. Tr. Tr. Tr. Tr.
22:6 18.83 18.62 16.64 13.71 14.11 16.38
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 99-99 100.00 100.00 100.01 100.02 100.01
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Table 14. Patty Acid Composition of Mouse Depot Pat
Fatty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 1.47 1.83 1.30 1.16 1.81 1.51
15:0 anteiso 0.00 0.00 0.00 0.00 0.00 0.00
15:0 0.59 0.20 0.34 0.48 0.50 0.42
16:0 iso 0.32 0.15 0.29 0.25 0.22 0.25
16:0 22.67 24.67 21.31 21.03 22.17 22.37
16:1 7.28 7.17 6.68 5.91 8.50 7.11
16:2 0.44 0.71 0.73 0.54 0.59 0.60
17:0 Tr. Tr. Tr. Tr. Tr. . Tr.
18:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
18:0 2.34 3.05 2.05 2.18 2.89 2.50
18:1 41.02 39.17 43.49 41.44 42.23 41.47
18:2 19.74 18.45 20.88 23.28 18.03 20.08
18:3 2.94 3.56 2.93 3.03 2.04 2.90
19:0 0.00 0.00 0.00 0.00 0.00 0.00
20:0 1.18 1.03 Tr. 0.7 0 1.03 0.79
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 Tr. 0.00 Tr. Tr. Tr.
20:3 Tr. 0.00 Tr. Tr. Tr. Tr.
20:4 Tr. Tr. 0.00 Tr. Tr. Tr.
20:5 0.00 0.00 0.00 0.00 0.00 0.00
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00
22:4 0.00 0.00 0.00 0.00 0.00 0.00
22:5 0.00 0.00 0.00 0.00 0.00 0.00
22:6 0.00 0.00 0.00 0.00 0.00 0.00
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.99 99-99 100.00 100.00 100.01 100.00
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Table 15. Patty Acid Composition of Bullfrog Heart
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.96 0.50 0.46 0.64 0.48 0.61
15:0 anteiso Tr. Tr. Tr. 0.22 0.06 0.05
15:0 0.18 0.22 0.35 0.20 0.20 0.23
16:0 iso 0.11 0.30 0.11 0.18 0.10 0.16
16:0 12.99 12.69 13.63 12.84 13.61 13.15
16:1 5.43 2.92 1.70 6.13 4.14 4.0 6
16:2 0.66 0.24 Tr. O .56 0.23 0.34
17:0 0.09 0.27 0.35 0.14 0.22 0.21
18:0 iso Tr. 0.16 0.07 0.10 Tr. 0.07
18:0 9.70 14.37 13.91 8.28 12.85 11.82
18:1 28.37 ' 18.96 19.25 28.48 21.51 23.31
18:2 15.12 13.90 15.06 14.44 12.72 14.26
18:3 5.15 4.70 4.33 6.17 5.20 5.11
19:0 0.00 Tr. 0.00 Tr. Tr. Tr.
20:0 Tr. Tr. Tr. Tr. 0.33 0.07
20:1 0.00 0.00 0.00 0.00 0.00 0.00-
20:2 Tr. Tr. 0.75 0.76 O .58 0.42
20:3 1.25 1.04 0.92 0.64 1.30 1.03
20:4 7.40 12.02 15.44 6.72 8.12 9.94
20:5 2.36 4.83 6.27 2.87 3.31 3.93
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 1.05 1.53 0.55 1.00 1.25 1.08
22:4 3.85 2.24 2.52 1.52 2.13 2.45
22:5 1.18 2.99 1.43 3.54 3.10 2.45
22:6 4.16 6.13 2.90 4.56 8.58 5.27
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.01 100.01 100.00 99.99 100.02 100.02
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Table 16. Patty Acid Composition of Bullfrog Muscle
Fatty Acid 1 2 3 4 5 Average
14:0 iso Tr. Tr. 0.00 0.00 Tr. Tr.
14:0 1.20 0.44 0.53 0.16 0.41 0.55
15:0 anteiso Tr. Tr. Tr. 0.00 Tr. Tr.
15:0 0.83 0.35 O .56 0.49 0.19 0.48
16:0 iso 0.22 1.06 1.05 0.88 1,24 0.89
16:0 29-16 20.52 20.89 22.22 19.30 22.42
16:1 6.14 4.35 2.64 2.58 2.43 3.63
16:2 0.72 O .32 0.45 0.36 0.41 0.45
17:0 0.12 0.13 0.09 0.35 0.43 0.22
18:0 iso 0.28 0.05 0.57 0.27 0.05 0.24
18:0 8.17 10.18 10.11 8.80 7.26 8.90
18:1 20.24 17-30 15.41 19.64 18.52 18.22
18:2 7-70 10.16 9.19 7.73 7.15 8.39
18:3 3-73 4.54 3.86 3.90 3.99 4.00
19:0 0.00 0.00 0.00 0.00 Tr. Tr.
20:0 Tr. 0.00 Tr. Tr. Tr. Tr.
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 0.00 Tr. 0.00 0.00 Tr.
20:3 0.48 -1.65 1.07 2.12 1.81 1.43
20:4 10.15 14.07 18.02 11.27 11.28 12.96
20:5 4.95 5-89 3.60 6.34 7.96 5-75
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.49 Tr. Tr. 1.07 Tr. 0.31
22:4 Tr. 0.00 0.00 0.00 0.00 Tr.
22:5 1.64 3-02 2.97 1.74 5.04 2.88
22:6 3-75 5-97 9.01 10.08 12.53 8.27
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 99-97 100.00 100.02 100.00 100.00 99-99
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Table 17. Patty Acid Composition of Bullfrog Liver
Patty Acid 1 2 3 4 5 Average
14:0 iso Tr. Tr. 0.00 Tr. 0.00 Tr.
14:0 0.99 1.31 0.82 1.40 1.73 1.25
15:0 anteiso 0.11 0.19 0.16 0.16 0.34 0.19
15:0 0.57 0.53 0.43 0.42 0.50 0.49
16:0 iso 0.21 0.16 0.23 0.18 0.10 0.18
16:0 24.36 21.74 22.80 21.11 23.43 22.69
16:1 5.45 6.77 3.81 7.02 7.83 6.18
16:2 0.40 1.00 0.38 O .69 0.71 0.64
17:0 0.33 0.03 0.20 0.03 0.18 0.15
18:0 iso 0.00 Tr. 0.00 Tr. 0.00 Tr.
18:0 7.25 6.55 8.81 5.38 6.24 6.85
18:1 20.20 17.75 17.52 27.14 20.84 20.69
18:2 10.08 7.65 9.91 9.44 7.87 8.99
18:3 7.00 7.32 5.55 6.18 7.88 6.79
19:0 0.00 0.00 0.00 0.00 0.00 0.00
20:0 0.48 0.24 0.21 0.28 0.47 0.34
20:1 0.23 0.53 0.24 0.70 0.72 0.48
20:2 0.53 0.59 0.48 0.72 0.70 0.60
20:3 1.66 1.91 1.55 1.40 0.83 1.47
20:4 7.68 8.32 11.80 4.54 6.83 7.83
20:5 5.17 4.14 4.28 4.79 3.63 4.40
22:0 0.47 Tr. Tr. 0.-74 0.40 0.32
22:2 : 1.02 1.77 0.98 1.56 1.84 1.43
22:4 Tr. Tr. Tr. Tr. Tr. Tr.
22:5 1.41 5.48 2.81 2.30 2.55 2.91
22:6 4.41 6.02 7.04 3.81 4.39 5.13
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.01 100.00 100.01 99.99 100.01 100.00
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Table 18. Fatty Acid Composition of Bullfrog Kidney
Fatty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 Tr. Tr. Tr. Tr.
14:0 1.19 0.80 0.81 0.78 O .78 0.87
15:0 antelso Tr. 0.12 Tr. 0.15 0.21 0.10
15:0 0.35 0.27 0.31 0.31 0.40 0.33
16:0 iso 0.23 0.18 0.17 0.2 6 0.19 0.21
16:0 22.03 20.52 21.19 19.56 ' 20.32 20.72
16:1 7.29 5.01 4.55 5-21 5.28 5.47
16:2 0.48 0.17 0.25 0.41 0.32 0.33
17:0 0.10 0.06 0.06 0.09 0.13 0.09
18:0 iso Tr. 0.05 0.07 Tr. Tr. 0.02
18:0 7.33 8.07 7.41 7.24 8.09 7.63
18:1 22.75 19.65 18.96 21.71 18.85 20.38
18:2 11.71 12.21 11.73 12.80 11.15 11.92
18:3 5.11 5.45 6.24 5.74 6.02 5-71
19:0 0.00 0.00 Tr. Tr. Tr. Tr..
20:0 Tr. 0.24 0.38 0.23 Tr. 0.17 .
20:1 0.18 0.27 0.27 0.20 0.42 0.27
20:2 Tr. 0.29 0.48 Tr. Tr. 0.15
20:3 0.27 1.25 1.71 2.42 2.79 1.69
20:4 8.45 12.34 12.94 11.67 11.73 11.43
20:5 5.77 6.81 ' 6.71 5.97 5.25 6.10
22:0 0.15 0.03 Tr. 0.04 0.05 0.05 .
22:2 0.60 1.34 O .65 0.86 1.52 0.99
22:4 1.12 1.00 Tr. 1.10 Tr. 0.64
22:5 1.58 2.12 3.18 Tr. 2.15 1.8l
22:6 3.34 1.76 1.94 3.27 4.38 2.94
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.03 100.01 100.01 100.02 100.03 100.02
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Table 19. Patty Acid Composition of Bullfrog Testes
Patty Acid 1 2 3 4 5 Average
14.0 iso Tr. Tr. Tr. Tr. Tr- Tr.
14:0 0.85 0.53 0.54 1.35 0.60 0.77
15:0 anteiso 0.28 0.15 0.09 0.44 0.11 0.21
15:0 0.27 0.27 0.34 0.49 0.44 0.36
16:0 iso 0.08 0.12 0.13 0.21 0.16 0.14
16:0 12.76 14.69 14.93 13.71 14.67 14.15
16:1 5.23 4.96 3.73 8.22 4.87 5.40
16:2 0.43 0.19 0.17 0.49 0.35 0.33
17:0 0.22 0.23 0.09 0.14 0.14 0.16
18:0 iso 0.00 Tr. Tr. Tr. Tr. Tr.
18:0 8.95 10.99 12.59 6.50 11.30 10.07
18:1 30.96 25.85 24.28 30.31 22.65 26.81
18:2 9.23 9.57 9.82 8.09 9.19 9.18
18:3 3.92 4.35 2.43 4.22 4.20 3.82
19:0 Tr. 0.00 0.00 0.00 Tr. Tr.
20:0 Tr. Tr. Tr. Tr. Tr. Tr.
20:1 0.55 0.61 0.14 0.92 0.82 0.61
20:2 0.87 0.90 0.32 1.03 1.02 O .83
20:3 1.91 1.83 1.40 2.79 2.42 2.07
20:4 8.10 7.87 12.10 5-75 6.80 8.12
20:5 4.15 4.76 4.19 3.71 7.68 4.90
22:0 0.04 0.36 0.14 0.54 0.39 0.29
22:2 O .92 1.98 1.51 1.21 1.49 1.42
22:4 3.88 1.56 4.26 1.73 3.31 2.95
22:5 2.31 1.81 2.83 3-12 3.44 2.70
22:6 4.07 6.42 3.97 5.03 3.94 4.69
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.98 100.00 100.00 100.00 99.99 99.98
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Table 20. Patty Acid Composition of Bullfrog Brain
Patty Acid 1 2 3 4 5 Average
14:0 iso Tr. Tr. Tr. 0.00 0.00 Tr.
14:0 1.64 1.34 1.76 1.96 1.57 I.65
15:0 anteiso 0.00 Tr. Tr. Tr. Tr. Tr.
15:0 0.20 0.29 0.10 0.13 0.25 0.19
16:0 iso 0.15 1.03 0.60 0.35 1.34 0.69
16:0 28.05 24.03 26.71 27-77 22.54 25.82
16:1 7.96 6.95 7.49 8.09 6.86 7.4?
16:2 0.14 0.31 Tr. 0.10 0.29 0.17
17:0 Tr. Tr. Tr. Tr. Tr. Tr.
18:0 iso 0.12 0.46 0.42 0.12 0.36 0.30
18:0 13-03 16.79 15.56 14.54 13.34 14.65
18:1 21.84 23.53 21.18 21.26 19-78 21.52
18:2 1.56 1.29 2.16 1.24 1.44 1.54
18:3 1.28 1.75 1.56 1.64 2.05 1.66
19:0 Tr. Tr. 0.00 0.00 0.00 Tr.
20:0 Tr. Tr. 0.00 0.00 Tr. Tr.
20:1 Tr. 0.00 0.00 0.00 0.00 Tr.
20:2 Tr. Tr. Tr. Tr. Tr. Tr.
20:3 Tr. 0.75 0.84 1.S1 1.86 1.05
20:4 11.64 8.65 10.28 11.15 9.45 10.23
20:5 2.07 1.88 Tr. 1.49 2.30 ■ 1.55
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 Tr. Tr. Tr. 0.00 Tr. Tr.
22:4 4.11 2.56 1.26 1.64 4.50 2.81
22:5 Tr. Tr. Tr. Tr. 3.01 0.60
22:6 6.23 8.39 10.07 6.70 9.07 8.09
24:0 0.00 0.00 0.00 0.00 0.00 0*00
Total 100.02 100.00 99.99 99.99 100.01 99.99
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Table 21. Patty Acid Composition of Bullfrog Depot Pat
Patty Acid 1 2 3 4 5 Average*
14:0 iso Tr. Tr. Tr. Tr. Tr. Tr.
14:0 3.30 3.35 1.06 3.33 4.47 3-61
15:0 anteiso 1.04 0.50 0.18 0.89 0.75 0.80
15:0 0.91 0.68 O .58 0.13 0.55 0.57
16:0 iso Tr. Tr. Tr. Tr. Tr. Tr.
16:0 10.81 15.25 13.63 13.69 14.42 13.54
16:1 11.63 22.63 4.59 15.04 19-17 17-12
16:2 1.13 2.17 0.64 1.44 1.39 1.53
17:0 0.0 0 0.00 Tr. 0.00 Tr. Tr.
18:0 iso Tr. Tr. 0.00 Tr. Tr. Tr.
18:0 2.41 1.50 11.63 2.81 0.73 1.86
18:1 47.89 32.96 24.99 41.94 35.65 39.61
18:2 7.02 4.96 9.95 7.37 5.96 6.33
18:3 7.35 9.53 4.34 6.86 10.61 8.59
19:0 Tr. 0.00 Tr. 0.00 0.00 Tr.
20:0 0.20 0.28 0.57 0.67 0.68 0.46
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 1.09 1.08 0.04 1.04 0.94 1.04
20:3 0.92 0.17 1.74 0.81 0.23 0.53
20:4 1.32 2.38 13.14 1.91 0.95 1.64
20:5 1.18 1.29 3.36 0.62 1.06 1.04
22:0 0.00 0.00 0.00 Tr. 0.00 Tr.
22:2 1.80 1.25 1.94 0.56 1.31 1.23
22:4 Tr. 0.00 0.00 Tr. Tr. Tr.
22:5 Tr. Tr. 4.26 Tr. Tr. Tr.
22:6 0.00 Tr. 3.38 0.88 1.11 0.50
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 99.98 100.02 99,.99 99.98 100.00
^Average does not include specimen #3 (see page 51)
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Table 22. Patty Acid Composition of Sunfish Heart
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.63 0.44 2.02 0.45 2.09 1.13
15:0 anteiso Tr. Tr. 0.25 Tr. 0.34 0.12
15:0 0.57 0.29 0.33 0.10 0.39 0.34
16:0 iso 0.78 0.49 0.07 0.63 O .19 0.42
16:0 9.61 12.50 15-15 10.60 13.77 12.33
16:1 1.46 1.72 8.75 1.87 7.01 4.16
16:2 Tr. 0.25 O .63 0.13 0.78 O .36
17:0 0.43 0.33 0.10 0.2 6 0.30 0.28
18:0 iso Tr. 0.27 Tr. 0.25 Tr. 0.10
18:0 8.74 10.45 4.46 8.86 4.43 7-39
18:1 12.18 13-66 18.55 11.49 16.32 14.44
18:2 5.05 5.53 7.75 4.88 7.76 6.19
18:3 3.48 2.30 6.39 3-29 6.86 4.46
19:0 0.74 0.51 0.19 0.58 0.29 0.46
20:0 1.59' 0.95 0.73 1.68 1.18 1.23
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 2.05 1.06 2.15 2.12 3.29 2.13
20:3 Tr. Tr. 1.25 Tr. 1.19 0.49
20:4 11.00 11.13 7.50 16.14 7.46 IO.65
20:5 4.10 3-24 2.70 4.79 4.26 3.82
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 1.68 1.37 0.83 1.54 1.08 1.30
22:4 4.88 1.91 1.82 Tr. 0.00 1.72
22:5 11.16 8.12 5.77 8.43 7.71 8.24
22:6 15.90 20.35 11.84 18.22 10.66 15.39
24:0 3.97 3.14 0.77 3.67 2.64 2.84
Total 100.00 loo.oi loo.oo 99.98 100.00 99.99
74
Table 23. Patty Acid Composition of Sunfish Muscle
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.57 0.59 0.41 0.52 0.65 0.55
15:0 anteiso Tr. Tr. Tr. Tr. Tr. Tr.
15:0 0.13 0.22 0.28 0.27 0.25 0.23
16:0 iso 0.44 0.18 0.38 0.66 0.35 0.40
16:0 18.52 15.88 15-93 16.04 16.08 16.49
16:1 1.98 1.77 I.89 1.64 2.02 1.86
16:2 0.31 0.52 0.24 0.37 0.21 0.33
17:0 0.23 0.17 0.24 0.49 0.48 0.32
18:0 iso Tr. Tr. Tr. Tr. Tr. Tr.
18:0 6.60 6.47 7.29 7-95 7.05 7.07
18:1 8.21 9-71 8.02 9.19 11.58 9.34
18:2 6.09 4.97 4.87 5.72 7.90 5.91
18:3 3-24 2.95 3.90 1.25 3.93 3-05




20:0 1.09' 1.35 1.13 0.66 1.15 1.08
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 1.12 0.81 0.57 O .58 1.30 0.88
20:3 1.75 1.38 1.81 2.40 2.86 2.04
20:4 14.06 14.71 10.43 13.78 12.12 13.02
20:5 5.57 5.61 7.00 5-37 6.33 5.98
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 O .85 0.60 Tr. 0.80 Tr. 0.45
22:4 Tr. Tr. Tr. Tr. Tr. Tr.
22:5 6.86 8.94 6.66 9.98 6.79 7.85
22:6 18.98 19.16 25.37 18.61 15-93 19.61
24:0 2.88 3.63 3.02 3.35 2.70 3.12
Total 99.97 i o o.oo 99.98 100.01 100.01 100.00
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Table 24. Patty Acid Composition of Sunfish Liver
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 ■ 0.69 1.07 1.08 1.14 1.08 1.01
15:0 anteiso 0.29 0.21 0.17 0.32 0.28 0.25
15:0 0.60 0.49 0.57 0.58 0.64 O .58
16:0 iso 0.25 0.16 0.09 0.27 0.33 0.22
16:0 13.65 17.12 16.78 17.46 18.93 16.79
16:1 1.84 2.76 1.99 2.85 3.16 2.52
16:2 1.11 1.39 1.52 1.51 2.62 1.63
17:0 0.64 0.41 0.42 0.43 0.44 0.47
18:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
18:0 7.78 7.32 7.83 8.07 7.66 7.73
18:1 10.12 9.38 12.02 8.89 7.16 9.51
18:2 6.6l 4.36 4.99 4.79 3.44 4.84
18:3 3.69 3.96 2.79 3.71 2.99 3.43
19:0 0.73 0.4l 0.51 0.45 0.49 0.52
20:0 0.89 1.18 1.60 1.20 1.26 1.23
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 2.25 1.14 1.40 1.36 1.37 1.50
20:3 1.37 1.05 1.71 1.62 2.21 1.59
20:4 7.41 7.69 7.34 8.63 7.30 7.67
20:5 4.42 4.27 2.99 6.06 5.74 4.70
22:0 Tr. 0.00 Tr. 0.00 0.00 Tr.
22:2 1.40 0.72 1.57 1.76 1.92 1.47
22:4 Tr. Tr. Tr. Tr. Tr. Tr.
22:5 6.76 6.53 8.48 6.65 2.71 6.23
22:6 21.60 23.57 19.19 16.85 23.88 21.02
24:0 5-92 4.83 5.00 5.42 4.38 5-11
Total 100.02 100.02
O•OO1—i 100.02 99.99 100.02
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Table 25. Fatty Acid Composition of Sunfish Kidney
Fatty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.75 0.66 0.97 0.68 0.61 0.73
15:0 anteiso 0.06 0.12 0.29 O .15 0.19 0.16
15:0 0.48 0.41 0.36 0.24 0.49 0.40
16:0 iso 0.51 0.37 0.44 0.41 0.30 0.41
16:0 12.10 12.36 16.45 16.31 15.09 14.46
16:1 1.43 1.54 2.77 1.70 2.19 1.93
16:2 0.26 0.27 0.55 0.34 0.61 0.41
17:0 0.73 0.50 0.32 0.28 0.50 0.47
18:0 iso Tr. Tr. Tr. Tr. Tr. Tr.
18:0 8.90 8.80 9.23 10.10 9.93 9.39
18:1 10.04 9.90 11.51 9.74 8.99 10.04
18:2 4.38 4.18 5.72 4.72 3.56 4.51
18:3 3.68 3.16 4.12 2.09 2.14 3.04
19:0 0.08 O .58 0.10 O .36 0.58 0.34
20:0 1.40 1.17 0.97 0.92 0.82 1.06
20:1 0.00 , 0.00 0.00 0.00 0.00 0.00
20:2 1.66 1.91 2.36 1.46 2.03 1.88
20:3 1.34 3.09 2.18 1.71 2.19 2.10
20:4 14.35 14.08 16.16 18.46 17.58 16.13
20:5 3.19 3.79 3.05 5.19 5.04 4.05
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.95 0.00 0.86 0.86 0.53
22:4 4.46 1.99 1.32 2.00 2.18 2.39
22:5 11.67 8.56 6.11 4.34 6.54 7.44
22:6 15.61 17.72 14.43 15.05 14.43 15.45
24:0 2.90 3.89 O .58 2.90 3.16 2.69
Total 99.98 100.00 99.99 100.01 100.01 100.01
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Table 2o. Patty Acid Composition of Sunfish Testes
Patty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 0.00 0.00 0.00 0.00
14:0 0.55 0.42 1.60 0.39 0.40 O .67
15:0 anteiso Q. 20 Tr. 0.33 Tr. Tr. 0.11
15:0 0.2 6 0.20 0.35 0.22 0.11 0.23
16:0 iso 0.15 0.47 0.24 Tr. 0.34 0.24
16:0 11.69 19-14 17.42 16.62 18.72 16.72
16:1 1.75 1.41 5.31 1.91 1.44 2.36
16:2 Tr. 0.18 0.73 0.35 0.24 0.30
17:0 0.39 0.32 0.34 0.33 0.38 0.35
18:0 iso 0.00 Tr. 0.00 0.00 Tr. Tr.
18:0 6.40 9.18 6.86 9.06 8.74 8.05
18:1 8.40 6.84 13.19 8.54 7.08 8.81
18:2 5.22 3.77 6.39 4.36 2.30 4.41
18:3 2.87 2.15 4.92 2.31 1.57 2.7 6
19:0 Tr. 0.28 Tr. 0.63 0.38 0.26
20:0 1.56 0.76 0.90 1.12 1.20 1.11
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 0.70 1.95 1.46 1.34 1.09
20:3 1.40 1.91 2.0 6 1.22 1.64 1.65
20:4 8.42 10.16 9.09 11.24 11.39 10.06
20:5 4.63 2.25 2.93 6.48 3.76 4.01
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 1.56 0.70 0.00 0.74 O .96 0.79
22:4 5.07 2.59 2.9 6 1.68 3-14 3.09
22:5 12.78 7.58 2.28 5.60 9.33 7.51
22:6 22.68 25.20 17.73 21.60 21.89 21.82
24:0 4.03 3.79 2.43 4.14 3.65 3.61
Total 100.01 100.00 100.01 100.00 100.00 100.01
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Table 27- Patty Acid Composition of Sunflsh Brain
Fatty Acid 1 2 3 4 5 Average
14:0 iso 0.00 0.00 Tr. 0.00 0.00 Tr.
14:0 0.72 . 0.77 1.61 0.63 0.58 0.86
15:0 anteiso 0.10 Tr. 0.24 0.16 Tr. 0.10
15:0 0.20 0.18 0.33 Tr. 0.22 0.19
16:0 iso 0.28 0.33 0.20 O .65 0.41 0.37
16:0 17.19 16.93 15.14 14.28 16.36 15.98
16:1 5.89 5-19 7.73 5-32 5.12 5.85
16:2 0.36 0.18 0.46 Tr. 0.22 0.24
17:0 Tr. 0.00 Tr. Tr. Tr. Tr.
18:0 iso 0.23 0.51 Tr. 1.00 0.50 0.45
18:0 9-36 9.89 6.99 10.07 IO.58 9.38
18:1 24.90 22.09 20.94 21.22 21.20 22.07
18:2 1.75 1.67 4.18 2.14 1.37 2.22
18:3 1.45 1.34 5.30 1.14 1.01 2.05
19:0 0.00 0.00 0.00 Tr. 0.00 Tr.
20:0 0.53 0.77 0.97 0.92 0.81 0.80
20:1 0.00 0.00 0.00 0.00 0.00 0.00
20:2 o.4o Tr. 0.77 Tr. Tr. 0.23
20:3 1.25 1.36 2.02 2.47 Tr. 1.42
20:4 6.74 5.72 6.17 6.64 6.25 6.30
20:5 1.17 1.73 1.98 1.94 1.91 1.75
22:0 0.00 0.00 0.00 0.00 0.00 0.00
22:2 Tr. Tr. Tr. Tr. Tr. Tr.
22:4 8.86 8.27 6.38 10.02 10.20 8.75
22:5 1.45 2.94 Tr. 3-34 3.44 2.23
22:6 17.18 20.12 18.60 18.08 19.82 18.76
24:0 0.00 0.00 0.00 0.00 0.00 0.00
Total 1 0 0 .0 1 9 9 .9 9 1 0 0 .0 1 1 0 0 .0 2 1 0 0 .0 0 100.00
